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Introduction
The importance of soil oxygen content to root growth and tree
development is obvious. Numerous reports have shown that a deficiency
of soil oxygen decreases respiratory activity, reduces water and nutrient
absorption, influences root morphology and disease incidence, and re-
duces rooting depth and plant growth of various plants (Harris and
Van Bavel 1957a, 1957b; Kohnke 1968; Kramer 1949, 1950, 1969; Law-
ton 1945; Letey et al. 1962; Patrick et al. 1969; Patrick 1971; Williamson
1964; and others) . But the soil oxygen required for optimum root growth
and plant development varies greatly with species and age of the plant
(Leyton and Rousseau 1958) . Some species can survive with only 1 or
2 percent oxygen (Cannon 1925) , but more than 10 percent and less
than 21 percent is required by most plants for good growth (Boynton
and Reuther 1938, Kohnke 1968, Kramer 1969, and Leyton and Rous-
seau 1958)
.
Many reports have been published on the relationship of soil oxygen
to root growth and plant development, but most of this research was
done with herbaceous species grown in sand or solution cultures; very
little has been done with tree species. As a result, much of the informa-
tion concerning the importance of soil oxygen to tree growth is based
on inference rather than quantitative data obtained from the field.
Despite the lack of field verification, the large amount of quantitative
information concerning soil oxygen and crop growth seems to lead to
the conclusion that soil oxygen is one of the most important factors
affecting tree growth and timber production.
The oxygen content in soil air varies with season and soil depth. In
general, oxygen content in soil air is low in winter and early spring
and increases as the season progresses (Boynton and Reuther 1939),
and the content of soil oxygen decreases with increases in soil depth
(Patrick et al. 1969).
It has been reported also that soil physical properties, such as moisture
content, compaction, texture, and structure, affect the oxygen content in
the soil profile (Hopkins and Patrick 1969, Patrick 1971, Russell 1952);
but there is a surprising lack of quantitative data to prove these rela-
1 Former Graduate Research Assistant and Professor, respectively, School of Forestry
and Wildlife Management.
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lationships. More extensive experiments are needed and more basic
information must be obtained directly from the forests to explain satis-
factorily how soil oxygen content limits root growth and tree develop-
ment.
The main purposes of this study were to measure the oxygen content
in several soil types under mature loblolly pine (Pinus taeda L.) trees
and to find out how soil oxygen changes with season, with soil depth,
and with depth to the water table. An attempt was also made to relate
the soil oxygen content to such soil physical properties as moisture
content, texture, structure, porosity and bulk density. The results of this
study provide basic information about the root growth conditions of
trees and thus should be useful to our understanding of natural soil
productivity for timber production.
Methods and Procedures
Location and Description of Study Area
In 1967 the Louisiana Agricultural Experiment Station, through the
School of Forestry and Wildlife Management, began a research project
involving 20 quarter-acre plots at Louisiana State University's Lee Mem-
orial Forest near Franklinton in Washington Parish, Louisiana. The
circular plots, numbered 1 through 20, were established at different
locations and on different soil types. The main objectives were to study
the rooting depth of mature southern pine trees and determine soil
properties which limit deeper penetration of roots within the soil profile.
Related to these objectives was the study of variations in soil oxygen,
which is the subject of this report.
Only 9 of the 20 plots (Plots 1, 4, 5, 7, 9, 10, 17, 18, and 20) were
used for the study of soil oxygen. These plots are located in even-aged
loblolly pine stands ranging in density from 65 to 127 ft^ of basal area
per acre. Trees on the plots were from 39 to 48 years old. The stand
characteristics, soils, and depths at which oxygen was measured in each
plot are listed in Table 1.
The soils on the nine study plots are representative of the uplands
and minor stream bottoms of the Coastal Plain. The soils are loamy in
texture and range from the poorly drained Bibb (Typic Haplaquent)
and Myatt (Typic Ochraquult) to the well-drained Ruston (Typic
Paleudult). The depths at which the oxygen content of the soil air
was measured in each plot were determined on the basis of previously
measured soil-moisture changes; oxygen measurements were made at
those depths where appreciable changes in soil moisture had occurred
during the previous 2 years.
So far as is known, none of the study plots had ever been in culti-
vation. The original forest stand-probably pure longleaf pine (Pinus
palustris Mill.) on the uplands and loblolly pine mixed with hardwoods
on the wetter sites-was clearcut in the early 1920's. Subsequently, much
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X aUlc 1 .—Stand characteristics. soils, and depths at which soil oxygen
content was measured in each plot
Basal
Plot area A\erage Site Soil Measurement
number per acre tree age indexii classificationb depths
(Ft (Years) (r eetj
1 65 42 98 Strough vfsl 1 9 ^? 4
(Fragiaquic Paleudult)
4 101 41 98 Bowie fsl 1, 2, 3, 4
(Plinthic Paleudult)
5 113 48 107 Bibb sil 1, 2, 3, 4
(Typic Haplaquent)
7 127 42 100 Lexington sil 1, 3 5, 7
(Ultic Paleudalf)
9 118 39 100 Ruston si 1, 2, 3, 4, 5, 6r 7
(Typic Paleudult)
10 98 39 98 Ruston si 1, 2, 4, 6
(Typic Paleudult)
17 109 1 1
K
Bowie 1 1, 2, 3, 4
(Plinthic Paleudult)
18 114 39 113 Myatt vfsl 1, 2, 3, 4
(Typic Ochraquult)
20 115 42 118 Stough vsfl 1, 2, 3, 4
(Fragiaquic Paleudult)
aBased on mean height (in feet) of dominant and codominant trees at age 50.
bSoils on the plots were classified by Sherman A. Lytle, soil scientist, Louisiana
Agricultural Experiment Station. Letters after soil series names represent soil texture:
sil = silt loam, si = sandy loam, fsl = fine sandy loam, vfsl = very fine sandy loam,
1 = loam.
of the university forest became reestablished to loblolly pine with the
typical hardwood component. When the plots were established in 1967,
the hardwood trees were cut or injected with a herbicide after which
the hardwood sprouts were controlled by periodic herbicide application
with a mist blower. An aluminum access tube for soil moisture measure-
ments was installed to a depth of 20 feet in each of the plots when they
were first established.
Collection of Field Data
Soil oxygen.-The method used to measure soil oxygen content in
this study was similar to the method used by Patrick et al. (1969) for
sampling and analyzing oxygen content in soil profiles in the sugar-
cane area of Louisiana. This method involved establishment of a
permanent air reservoir in the soil profile at each depth selected for
oxygen measurements. These reservoirs were sealed off from the at-
mosphere and air in the reservoir was allowed to come to equilibrium
with the soil air. Samples of soil air (12 to 20 cc.) were drawn into an
oxygen analyzer cell and the oxygen content was read directly on an
oxygen meter.
5
Soil oxygen content was measured at 2-week intervals at each soil
depth in three replicated installations per plot. Measurements were
started on April 4, 1970, and continued until April 20, 1971, to deter-
mine the seasonal pattern of soil oxygen changes under the mature
loblolly pine trees.
Soil moisture.-Soil moisture contents were measured weekly with
a neutron moisture probe and portable scaler. Only soil moisture
measurements collected from the same depths and on about the same
dates as the oxygen measurements were used to determine the correla-
tion between oxygen content and moisture content in the soil.
Water table.-Sections of drainpipe 5 feet long with 4-inch inside
diameter were installed in the soil in six of the nine plots (1, 4, 5, 17,
18 and 20) to measure fluctuations in the water table. These pipes
were
inserted to a depth of 41/2 feet in October 1970. The tops were covered
with plastic to prevent direct entrance of rain mto the pipes.
Every^
weeks the depth to the water table was measured with a tape so
the
presence of free water could be related to the oxygen content
in the
soil profile above the water table.
Collection and Analyses of Soil Samples
Two soil samples were collected from each soil depth in each plot in
November 1970. In order to determine the bulk density and porosity
ot
the soil, cores of undisturbed soil approximately 2 inches in
diameter and
3 inches thick with a volume of 200 cm3 were collected with a
soil core-
sampler similar to that developed by Jamison, Weaver, and Reed (1950)
The sample cores were saturated in a water bath and then transferred
to a tension table similar to that developed by Leamer and
Shaw (1941)
and described by Hoover, Olson, and Metz (1954).
The soil-sample cores were drained on the tension table at 0 and
60 cm of water tension and were weighed after about 8 hours at
each
tension In order to get the oven-dry weight of the soil
samples, the
sample cores were put in the oven at 105° C for more than 24 hours
The bulk density (volume weight) of each core sample was calculated
by the procedures described by Baver (1956) . The total porosity of each
core was determined from the following equation:
Saturated weight — Oven-dry weight
Total Porosity (%) = Volume of core
^
The non-capillary porosity was considered equal to the volume of
water drawn from the cores by 60 cm of water tension. The difference
between total and non-capillary porosity is the capillary porosity.
The Bouyoucos method as modified by Patrick (1958) was used for
mechanical analyses of soil samples. The texture of each soil sample was
determined from the calculated sand, silt, and clay percentages by using
the standard texture triangle (Soil Survey Staff 1951)
.
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Statistical Analyses of Data
The effects of changes in season and soil depth on oxygen content
of the soil air were tested by analysis of variance. Linear correlation
analyses were used to evaluate the relationship between oxygen content
and soil moisture, texture, porosity, and bulk density.
Results and Discussion
Basic plot data on biweekly measurements of soil oxygen content
during the period of April 4, 1970, through April 20, 1971, are presented
in the thesis by Hu (1971). Significant results draw^n from these basic
data are summarized and discussed in the following sections.
Seasonal Variations in Oxygen Content
The bi^veeklv changes in oxygen content of the soils in four of the
nine plots are illustrated in Figures 1, 2, 3, and 4. The contents of soil
o\\gen in these plots are representative of those measured in the other
plots. The oxygen content in these forest soils was normally lower in
winter and in early spring (December to March) and was higher during
summer and in the first part of autumn (June to October). Also, the
soil oxygen content increased gradually as the growing season progressed.
Similar results were reported for other soils by Boynton and Reuther
(1938, 1939), Patrick et al. (1969), Russell (1952), and Unger and
Danielson (1965).
In most cases, the oxygen content in the upper 2 feet of soil was
around 20 percent throughout the growing season (April through
October) . In contrast, the oxygen content below 2 feet varied from less
than 10 to about 16 percent during this period of time. However, well-
drained soils (e.g. Plot 9, Figure 3) exhibited less variation in oxygen
level during the )ear.
The biweekly variations in soil oxygen contents were tested by
analysis of variance and proved to be statistically significant in every plot
except in the case of the bottom slope positions in Plots 10 and 17. This
ma\ be explained by the presence of a high water table in these two
plots so that the bottom of the slope was saturated with free water most
of the year. The oxygen content of free water, either in or on the sur-
face of the soil, is very low, ranging from 4 to 8 ppm in the water tables
encountered in this study and from 3.7 to 6 ppm in case of surface
water (Kennedy 1969) . Thus, the oxygen content in free water is much
less than 1 percent and therefore was represented by 0.9 percent oxygen
in the statistical analyses. Because the soils at the bottom of the slope
in both Plots 10 and 17 were saturated by free water most of the year,
results of the statistical analysis of biweekly variations should be non-
significant.
The curves in Figures 1 through 4 also indicate that the oxygen con-
tents began to increase in April and reached their highest values during
7
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the summer and then declined again until they reached their lowest
values during the winter months. This may be explained by changes in
soil moisture and temperature. With initiation of growth processes, trees
begin very active transpiration in April. As a result, water tables decline
and soil moisture also begins to decrease. As soil moisture decreases, the
air space for gaseous exchange increases, which will in turn cause an
increase in oxygen in the soil. Air and soil temperature changes may also
increase the rate of oxygen diffusion, thereby contributing to the in-
crease of oxygen in the soil profile. All the factors that influence the
seasonal variation of soil oxygen will have their maximum effects during
the summer. As the end of the growing season approaches, transpirational
losses become less, soil moisture increases, and temperatures decrease.
The end result is a decline in oxygen levels in the soil.
Seasonal variations of soil oxygen were more marked at the lower
depths (subsoils) and in low sites such as Plots 1 and 18 (Figures 1 and
4) . This may be due to greater variations of soil moisture in the subsoils
and to fluctuations in the water table levels in low sites.
Variations in Oxygen Content with Soil Depth
As would be expected, the oxygen content in these forest soils normally
decreased with soil depth (Figures 5, 6, and 7). Data for the other plots
followed a similar pattern (see Hu 1971) . There was a decrease in oxygen
content in these soils with depth throughout the whole year in
every plot, as well as a marked decline in soil oxygen content with soil
depth during the winter months. This is in general agreement with all
the early reports (Boynton and Reuther 1938 and 1939, Patrick et al.
1969, Russell 1952, Unger and Danielson 1965, and others) . The oxygen
content changed only slightly with depth in a dry soil such as in Plot 9
(Figure 6), but changed greatly in the wet plots such as are depicted
in Figures 5 and 7.
In every plot, changes in oxygen content with soil depth were shown
to be highly significant by analysis of variance. In low site soils (Figures
5 and 7) , the average oxygen content for the year was around 15 percent
in the upper foot but only about 5 percent or less at the 4-£oot depth.
But in well-drained soils (Figure 6) , the oxygen content was around 15
percent as deep as 7 feet, even in late winter.
As might be expected, topsoils are usually higher in oxygen content
than are subsoils. The non-capillary porosity in topsoils is normally
higher than in subsoils, and higher moisture contents in subsoils, es-
pecially if a high water table is present, also contribute to the reduction
of oxygen content in the subsoils.
Effect of Rainfall on Soil Oxygen Content
The oxygen contents in the soils on every plot dropped sharply from
the normal several times during the year of measurements. These sharp
reductions in oxygen content were likely due to relatively large amounts
12
J « —t 112 3 4
Soil depth - feet
igure 5.-Changes in soil oxygen content with soil depth in Plot No. 1.
13
14
Soil depth - feet
Figure 7.—Changes in soil oxygen content with soil depth in Plot No. 18.
of rainfall recei\ecl one day or several days before the oxygen readings
were taken. 1 he effect of rainfall on soil oxygen content is shown in
Figure 8.
The first reduction of soil oxygen occurred on May 5, 1970, as a
result of 3.28 inches of rainfall on May 2-3, 1970. On August 31, 1970,
marked reductions in the oxygen content at all depths and in aU plots
were recorded. These sharp decreases in soil oxygen were probably caused
by high soil moisture resulting from 4.47 inches of rain which fell be-
tween the August 17 and August 31 samplings. Other reductions of soil
oxygen content occurred on October 22 and November 18, 1970, and
on March 30, 1971. Those reductions of soil oxygen content were also
likely due to rains which occurred on October 7-8-9 (5.84 inches),
November 13 (1.30 inches), and March 28, 1971 (1.37 inches).
Furr and Aldrich (1943) experienced similar results and reported that
marked decreases in soil oxygen contents occurred following rains and
15
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irrigation in a very fine sandy loam soil. Patrick and his associates (1969)
also noted that the moisture added to the soil by a heavy rain will cause
a reduction o£ oxygen content in the soil.
Relation of Soil Moisture to Oxygen Content
Data on the soil moisture content at each soil depth for all nine
plots are presented in the thesis by Hu (1971). However, only six of the
nine plots (Plots 1, 5, 7, 9, 10, and 20) were used to test the relationship
between soil moisture and soil oxygen by linear correlation analyses.
The moisture readings below 3 feet for the three other plots were very
high due to the high water table and were therefore excluded from the
statistical analyses.
The correlation between soil oxygen content and soil moisture
content proved to be negative and highly significant at every soil depth
for the plots as a whole. However, the correlation analyses by different
depths in individual plots resulted in several nonsignificant correlation
coefficients because sample size was small—only 12 observations in each
case. But when the data for all six plots were combined in the analysis,
the relationship between soil oxygen and soil moisture content was found
to be highh significant at every soil depth ranging from r = —0.5686 at
the 1-foot depth to r — —0.9350 at the 7-foot depth. As soil moisture
increased the oxygen content decreased; as the soil moisture decreased
the oxygen content in the soil increased (Figure 9).
This finding is in general agreement with other reports (Kohnke
1968, Taylor 1949, and others) . Taylor reported that oxygen diffusion is
strongly influenced by soil moisture. Under natural conditions, an ex-
cess of moisture in the soil is one of the situations which may result in
poor aeration (Buckman and Brady 1957) . Furr and Aldrich (1943) also
reported that as the soil moisture content decreased, the oxygen content
in the soil increased. Under field conditions, soil moisture is the most
profound factor that influences soil oxygen content.
Water Table Influences on Soil Oxygen Content
During the period of study, a high water table was present on six of
the nine plots and often prevented the extraction of air samples, es-
pecially from the lower depths and during the winter months. In a few
plots, notably Nos. 4, 5, 7, 18, and 20, the water receded below the
deepest sampling depth only during July and August (see Hu 1971)
.
Water table measurements were not begun until November 5, 1970, after
the installation of drainpipes for this purpose. Subsequent measurements
on depth to the water table and the corresponding soil oxygen contents
in one of these plots are presented in Table 2.
The water table in each of these plots was so high that oxygen-
sampling reservoirs at the 3- and 4-foot depths were flooded by free
water most of the time so that no soil air could be extracted for oxygen
17
18
Table 2.—The water table and the corresponding soil oxygen contents
in one of the low plots (Plot No. 1) on the LSU Lee Memorial Forest
Date
Depth of
water table
below the
ground surface
Soil oxygen content by depth
1 ft. 2 ft. 3 ft. 4 ft.
Feet
11 3, 70 3.2 20.0 19.5 7.7 H,Oa
1 1 /1 9/70 3.0 20.0 18.5 H^O
12/ 6/70 4.1 20.5 20.0 8.0 H2O
1/ 7/71 1.7 18.7 H,0 H2O H2O
1/31/71 1.0 H,0 H,0 HoO H2O
2/10/71 0.3 HoO H,0 HoO H2O
3/10/71 0.2 H,0 H,0 H,0 H2O
3/30/71 0.1 H.O H2O H,.0 H2O
4/20/71 3.1 18.0 15.7 3.1 H2O
aFree water table.
measurements. Only the oxygen content in the soil air above the free
water could be measured by the oxygen meter. It is obvious from Table
2 that the oxygen content in the soil profile was definitely influenced
by fluctuations in the water table. The oxygen content in the soil just
above the water table was quite low, no doubt resulting from a very
high soil moisture content in the capillary zone above the surface of
the water table.
Young (1969) conducted an experiment on two wetland forest soils
and found a similar relationship between soil oxygen and the water
table. He reported that as fluctuating water table levels dropped, the
oxygen diffusion rates increased in both soils. Patrick and his associates
(1969) had difficulty with their oxygen samplings due to the high
water table during the first part of the growing season. Generally, soils
with low water tables and coarse texture have high air capacities (Kohnke
1968) and in turn can have high contents of oxygen for plant growth.
Effect of Slope on Soil Oxygen Content
One of the study plots—No. 10—is located on a slope of 17 percent.
The effect of the slope on oxygen content is shown in Figure 10. The
oxygen content in the soil at the top of the slope was generally higher
than on the middle-slope position, which in turn was higher in oxygen
content than at the bottom of the slope. However, this was true only
below the 2-foot depths; at the upper soils depths the oxygen content was
rather uniform across the slope positions.
The effect of slope on soil oxygen content in Plot 10 may be explained
by soil moisture differences across the slope. The soil moisture at the top
of the slope was normally lower than on the middle-slope position, which
in turn was lower in soil moisture content than at the bottom of the
19
Soil depth - feet
Figure 10.—Soil oxygen content changes with slope.
slope. Through the study period, soil moisture at 4 feet averaged 7.20,
12.56, and 14.95 percent in the upper, middle, and lower slope positions,
respectively. Likewise at 6 feet, soil moisture averaged 6.85, 14.58, and
17.14 percent, respectively, from top to bottom of the slope.
20
Soil Oxygen Content as Related to
Other Physical Properties of the Soil
A correlation analysis was used to test the relationship of soil oxygen
content to other physical properties of the soil: percent of sand, silt, and
clav: capillary, non-capillary, and total porosity; and bulk density. The
calculated correlation coefficients were then tested for significance by the
F-test. The soil oxygen data used in the correlation analyses were the
a\erage soil oxygen contents for the whole year (average of the 23 bi-
weekly readings) at each soil depth.
The relationship between soil oxygen content and non-capillary
porosity pro\ ed to be highly significant and positive (r = 0.6056) . The
positive coefficient indicates that the oxygen content in the soil profile
increased as non-capillary porosity increased. This is in general agree-
ment with other findings (Robinson 1964, Vomocil and Flocker 1961,
and Kohnke 1968) . A soil is considered well-aerated for crop plants if
the non-capillary porosity is 10 percent or more of the total volume,
unless there is a high water table (Kohnke 1968) . In Plot 9, the non-
capillary porosity of the soil profile down to 7 feet exceeds or is very
close to 10 percent. The oxygen contents also were not critical at any
time during the year in this plot (Figure 2) . Likewise, the non-capillary
porosity and therefore the oxygen contents in Plot 10 are also adequate
for tree growth at all depths, except perhaps at 6 feet where there is
only 6.51 percent non-capillary porosity. But in the low sites, such as
Plots 1, 4, 5, 18, and 20, the non-capillary porosities at all depths are
less than 10 percent. The oxygen contents below 1 foot are not considered
adequate for optimum tree growth.
The relationship between capillary porosity and soil oxygen content
was also significant. However, their correlation coefficient is negative
(r = —0.4117), which means that as the capillary porosity increased the
oxygen content in the soil profile decreased. Since capillary porosity is
responsible for soil moisture retention, this finding is also in general
agreement with other early reports. Lemon and Erickson (1952) reported
that the diffusion of oxygen is a linear function of water-free porosity.
The relationship between total porosity and soil oxygen content was
not statistically significant. Since there are positive and negative relation-
ships between soil oxygen content and non-capillary and capillary
porosity, respectively, the effect of total porosity is probably canceled
out in this particular case.
No significant relationship was found between soil oxygen content
and percentages of sand, silt, and clay. Bulk density also was not sig-
nificantly related to soil oxygen content. This does not agree with the
findings of other workers (Baver 1956, Epstein and Kohnke 1947, Kohnke
1968, Patrick 1971, Rickman et al. 1965 and 1966, and others) who have
reported that texture and bulk density do affect the soil oxygen content.
Soil texture and bulk density are the prime factors in determining
porosity; thus, direct measurement of porosity is probably a better indi-
cator of aeration than either texture or bulk density alone.
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Soil Oxygen Content and Loblolly Pine Tree Growth
It was earlier reported (Kramer 1950) that root systems of loblolly
pine seedlings were severely damaged under conditions of soil oxygen
deficiency without visible symptoms of injury to the tops of the seedlings.
There is also evidence that tolerance to oxygen deficiency increases with
the age of the tree (Grable 1966, Leyton and Rousseau 1958) . Since most
of the plots in the present study were characterized by low soil oxygen
levels during the winter and early spring, it would seem reasonable to
assume that the root systems of loblolly pine trees growing on the study
plots might be adversely affected by these low soil oxygen levels as they
grow to maturity. Soil oxygen levels were found to be particularly low
in sample plots located on wet sites and at lower depths in the subsoils
of some of the drier plots.
The site index values for loblolly pine on the nine study plots ranged
from 98 to 118 (Table 1). These values indicate that the trees grew well
on all of the plots and that, in general, loblolly pine must be rather
tolerant to the low soil oxygen contents in the winter and early spring.
In fact, the three wet plots (17, 18, and 20) had the highest site index
values (115, 113, and 118, respestively) . Furthermore, if a soil oxygen
content of 10 percent or more throughout the year is considered necessary
for normal root activity and rapid growth, then only one of the study
plots (Plot 9) did not reach the critical levels of soil oxygen at any
measured depth throughout the year. The lowest soil oxygen content
recorded on this plot was 14.6 percent at 7 feet on February 10, 1971.
The site index on Plot 9 is only 100, a much lower index value than
those for Plots 17, 18, and 20, despite the fact that soil oxygen contents
on these latter plots were less than 10 percent during much of the
year, especially at depths greater than 4 feet.
Most loblolly pine trees have roots which not only extend beyond
the spread of the branches but also penetrate deeply into the soil profile.
The rooting depth of trees varies from several inches to several feet,
depending on soil characteristics such as aeration and drainage (Kramer
and Kozlowski 1960) . Ninety percent of the small roots were distributed
within 5 inches in the topsoils in forests of North Carolina (Coile 1937)
.
The heavy distribution of roots near the surface of the soil is probably
related to poorer aeration at the greater depths (Kramer and Kozlowski
1960) . The oxygen contents in some of the study plots were usually low
in subsoils (below 4 feet) during the growing season, therefore the
oxygen-absorbing root systems of these loblolly pine trees may be limited
to the upper 4 feet of the soil profile.
Low soil oxygen content during winter and early spring apparently
does not seriously limit the growth of loblolly pine even on wet sites.
Soil oxygen content reaches adequate levels on these sites after the
initiation of growth and active transpiration. A comparison of Plot 9
(site index 100, soil oxygen contents greater than 10 percent at all
measured depths throughout the year) and Plots 17, 18, and 20 (site
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index 115, 113, and 118, respectively, low soil oxygen contents in winter
and early spring) suggests that the presence of readily available water
early in the growing season may be more important for the growth of
loblolly pine trees than is an adequate soil oxygen level at this time.
Tree growth on Plot 9, a Ruston sandy loam soil located on a hilltop,
may be limited by insufficient soil moisture in the early spring despite
adequate soil oxygen at this time.
Obviously, both sufficient soil moisture and adequate soil oxygen are
necessary for good growth of loblolly pine trees. Optimum growth
probably depends upon a proper balance of both factors throughout the
growing season.
Results of this study suggest that low soil oxygen content in winter and
early spring is not detrimental to the growth of loblolly pine trees if
levels of soil oxygen content at depths to 4 feet rise to more than 6
percent later in the growing season. Further, comparisons of site index
values between the various sample plots indicate that, under the above
conditions a high level of soil moisture during part of the growing sea-
son, even at the expense of adequate soil oxygen, may be more bene-
ficial to rapid growth of loblolly pine trees than the opposite condition,
i.e. soil oxygen content greater than 10 percent but soil moisture limited.
Summary
Soil oxygen content is very essential to normal root activity and
growth of trees. Deficiency of soil oxygen affects root growth, water up-
take by roots, nutrient absorption and availability, root morphology,
disease incidence, and auxin metabolism of various plants. In order to
have optimum root growth and development, trees must have adequate
soil oxygen. But the requirement of soil oxygen for optimum growth
varies with species and age of the plants. Most plants require at least 10
percent of soil oxygen for good growth.
The main purposes of this study were to measure the soil oxygen
content under mature loblolly pine trees and to find out how it changes
with season and with depth. An attempt was also made to relate the
soil oxygen content to such soil factors as moisture content, texture,
porosity, bulk density, and depth to the water table.
Nine circular quarter-acre plots were selected for this study at
different locations and on different soil types on the University's Lee
Memorial Forest near Franklinton, Louisiana. The plots were located
in even-aged loblolly pine stands. Hardwood trees and brush in all plots
were eliminated by cutting or injection and periodic spray applications
of herbicide. Samples of soil air were drawn from air reservoirs estab-
lished at various depths in each plot with three replicated installations
per plot. The measurements were made with an oxygen meter and cell
at 2-week intervals at each soil depth. The oxygen measurements were
started on April 4, 1970, and were continued for a year to determine
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the seasonal pattern of soil oxygen changes under these mature loblolly
pine stands.
Weekly soil moisture measurements were made with a neutron soil
moisture probe in access tubes previously installed in the center of each
plot. In plots where a free water table was present, a drainpipe was in-
stalled and depth to the water table was measured biweekly.
Soil samples were collected from each soil depth in each plot for
determination in the laboratory of bulk density, texture, and porosity.
The relationship of these soil physical properties to soil oxygen content
was then determined by correlation analysis.
An analysis of variance was used to determine the effects of seasonal
changes and soil depth on oxygen content in the soil profile. The in-
fluence of soil moisture on soil oxygen content was determined by a cor-
relation analysis and the significance of the correlation coefficients de-
termined by the F-test.
The results of the study are as follows:
1. The oxygen content in the forest soils under these mature lob-
lolly pine stands varied throughout the year. Usually it was lower in
winter and early spring and increased as the growing season progressed,
especially in subsoils and on low sites.
2. The oxygen content also changed with soil depth throughout the
whole year. In general, the oxygen content in the soil profile decreased
with depth. Seasonally, the greatest decrease of soil oxygen content with
depth occurred during the winter and early spring. This reduction of
soil oxygen content with depth was also greater in wet sites than in
drier sites.
3. The oxygen content in the forest soils was definitely influenced
by soil moisture content. As the soil moisture content increased, the
oxygen content in the soil profile decreased. A higher moisture content
in the soil profile caused by a heavy rain also reduced the oxygen content
in the soil.
4. The oxygen content in these forest soils under mature loblolly
pine stands was greatly influenced by the fluctuating water table. As the
water table became higher, the oxygen content in the soil strata imme-
diately above the water table was sharply reduced.
5. There seemed to be a relationship also between soil oxygen and
slope. The oxygen content at the top of the slope was normally higher
than at the middle of the slope, which in turn was higher than at the
bottom of the slope at the same soil depth. This may be related to
differences in soil moisture content across the slope.
6. A significant relationship was found between soil oxygen content
and capillary and non-capillary porosity. As expected, the correlation
coefficient for capillary porosity was negative and for non-capillary
porosity positive. As the capillary porosity increased, the oxygen content
in the soil profile decreased; as the non-capillary porosity increased, the
oxygen content in the soil increased.
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7. No significant relationship was established between soil oxygen
content and either soil texture or bulk density in this study.
8. Mature loblolly pine trees are probably rather tolerant to low
soil oxygen content. Low soil oxygen content in the winter and early
spring or in subsoils (below 4 feet) apparently was not detrimental to
the growth of these trees. Optimum growth of loblolly pine trees perhaps
depends more on the proper balance of soil oxygen and soil moisture
content throughout the growing season rather than on a minimum
le\ el of oxygen alone.
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